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ABSTRACT

9T Osteoporosis is widely recognized as a prevalent skeletal condition among women after
menopause, resulting in reduced bone mineral density (BMD) and a heightened risk of fractures, and
reduced quality of life (QoL). Impaired back extensor muscle function can exacerbate postural deformi-
ties, pain, functional limitations, and reduced social participation. Despite growing evidence on muscle
function, the specific roles of back extensor muscle strength and endurance in different QoL domains
remain unclear. This study aimed to investigate the associations between back extensor muscle strength
and endurance and multiple domains of QoL in postmenopausal women with osteoporosis.

In this cross-sectional study, 56 postmenopausal women aged 50-70 years with
osteoporosis (T-score < -2.5) were recruited via convenience sampling from an outpatient osteoporosis
clinic. Back extensor muscle strength was measured using a back—leg—chest dynamometer, and endur-
ance was assessed with the timed loaded standing test. QoL was evaluated using the QUALEFFO-41
questionnaire covering pain, physical function, social function, general health, and mental health. De-
scriptive statistics (mean+SD) summarized demographic and clinical characteristics. Pearson correlation
coefficients (PCC) were used to examine relationships between muscle function and QoL domains, with
significance set at P<0.05.

Participants had a mean age of 64.09+6.42 years and a mean body mass index (BMI) of
26.34+12.3 kg/m?2. Muscle endurance showed significant negative correlations with pain (PCC=-0.622,
P<0.001), physical function (PCC=-0.501, p < 0.001), social function (PCC=-0.409, P =0.007), mental
health (PCC=-0.441, P=0.003), and total QoL score (PCC=-0.628, P <0.001). Muscle strength had weaker
negative correlations with pain (PCC=-0.350, P=0.023), physical function (PCC=-0.452, P =0.003), and
total QoL (PCC=-0.351, P =0.023), and was not significantly associated with other domains. Neither
strength nor endurance showed significant associations with general health (P >0.05).

[T Back extensor muscle endurance is more strongly and broadly associated with multiple QoL
domains than muscle strength in postmenopausal women with osteoporosis. These findings highlight
the importance of prioritizing endurance training in rehabilitation programs to enhance physical, psy-
chological, and social well-being and to promote functional independence in this population.
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Introduction

steoporosis represents a gradual loss of bone

mass and strength, leading to compromised

skeletal integrity, is a leading cause of frac-

tures and disability among postmenopausal

women [1]. During menopause, hormonal
alterations—especially decreased estrogen levels—pro-
mote increased bone resorption, resulting in a rapid loss of
bone density [2]. This loss of bone strength significantly in-
creases the risk of fractures, particularly in weight-bearing
regions such as the vertebrae, hips, and wrists [3]. These
fractures often lead to chronic pain, limited mobility, and
significant reductions in functional independence, all of
which severely impair the quality of life (QoL) in affected
individuals [1, 3].

In addition to the direct effects of osteoporosis on the
skeletal system, muscular dysfunction plays a pivotal
role in exacerbating its impact [4]. The back extensor
muscles, which are critical for maintaining spinal pos-
ture, stability, and movement, are particularly affected
in postmenopausal women with osteoporosis [5, 6].
Weakness and reduced endurance of these muscles can
lead to postural deformities, such as increased thoracic
kyphosis, which not only elevates the risk of vertebral
compression fractures but also compromises pulmonary
function, balance, and mobility [7, 8] These issues fur-
ther reduce physical performance and limit participation
in everyday activities, resulting in a significant decline
in both physical and psychosocial domains of QoL [5].

The role of muscle strength and endurance in mitigat-
ing the effects of osteoporosis has been a focus of re-
cent research. Studies suggest that targeted exercises to
strengthen the back extensor muscles may improve spi-
nal alignment, enhance postural stability, and decrease
the likelihood of falls and fractures [9]. Moreover, im-
proved back extensor muscle function has been linked
to better outcomes in pain management, mobility, and
overall physical performance, contributing positively
to QoL [5, 10]. Despite numerous reports on the ben-
efits of back extensor muscle exercises, some studies
have shown that influence of these exercises on physi-
cal performance and QoL remains inconsistent, with
limitations, such as small sample sizes or the use of
different assessment tools. Addressing this gap is criti-
cal, as osteoporosis is not merely a physical condition,
but a multifaceted disorder that profoundly affects the
psychological and social well-being of individuals [11].
Postmenopausal women with osteoporosis often experi-
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ence feelings of anxiety, depression, and a fear of fall-
ing, which further diminish their QoL [12]. Identifying
modifiable factors, such as the strength and endurance
of back extensor muscles, that can influence these do-
mains is essential for designing comprehensive rehabili-
tation programs.

The present study aimed to determine the link between
back extensor muscle strength and endurance capacity
and various domains of QoL in postmenopausal women
with osteoporosis. By investigating how these muscu-
lar factors affect the physical, psychological, and social
aspects of QoL, this study seeks to provide evidence-
based recommendations for targeted interventions. The
findings may serve as a guide for designing exercise and
rehabilitation programs.

Materials and Methods
Ethic approval

Approval for this study was obtained from the Ethics
Committee of Tehran University of Medical Sciences.
All participants signed a written informed consent be-
fore the start of the study. Careful and complete expla-
nations were given when obtaining consent at screening
and enrollment to ensure subjects’ understanding. This
study was conducted at Baqiyyatallah Al-Azam Clinic
from January 2024 to September 2024.

Study participants

Participants were postmenopausal women aged 50-70
years, each with a postmenopausal duration of at least
two years and were clinically diagnosed with osteoporo-
sis based on bone mineral density (BMD) measurements
(T-score<-2.5) using dual-energy X-ray absorptiometry
(DXA). Participants were required to have basic literacy
skills (reading and writing) to ensure proper understand-
ing and completion of study protocols. Participants were
selected from the outpatient osteoporosis clinic using a
convenience sampling method. Women with a history of
spinal surgery, severe kyphosis, neurological disorders,
and other musculoskeletal conditions that might affect
back extensor muscle function were excluded [13].

Study design

This was a cross-sectional study aimed at evaluating the re-
lationship between back extensor muscle strength and endur-
ance with various QoL domains in postmenopausal women
with osteoporosis. Data collection included strength and en-
durance of muscles assessments, and QoL evaluations.
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Strength measurement

The strength of back extensor muscles was measured
using a back-leg-chest dynamometer (BASELINE,
USA). The dynamometer consists of a base plate with
foot placement lines, a pressure gauge, and an adjust-
able chain that measures the applied force in kilogram
and pound. Participants stood on the base plate with
their knees fully extended. The chain of the dynamom-
eter was adjusted so that the handlebar was parallel
and aligned with the participants’ tibial tuberosity. Par-
ticipants gripped the handlebar with their palms facing
down, elbows extended, forearms in a pronated position,
and spine in a flexed position. They were instructed to
pull the handlebar upward toward the ceiling using their
back muscles. The measured value was recorded in ki-
lograms. Measurements were performed 3 times, with
a l-minute rest interval between trials, and the average
value was considered as the strength measurement [14]
(Figure 1). The repeatability of using the back-leg-chest
dynamometer has been demonstrated in previous stud-
ies (ICC=0.97) [15].

The timed loaded standing test was used to measure
trunk muscle endurance. For this test, participants stood
with their feet hip-width apart. Shoulders were posi-
tioned at 90 degrees of flexion, elbows extended, and
forearms in a neutral position (neither supinated nor
pronated). Participants held a 2-pound (or 1-kilogram)
dumbbell in each hand. They were instructed to flex
their elbows, bringing the weights close to their shoul-
ders, then extend their arms and hold the position for
the maximum duration possible. The duration for which
participants could maintain this position was recorded
in seconds and considered as the endurance of the back
extensor muscles [16] (Figure 2). This test is a reliable
and repeatable measure for assessing trunk muscle en-
durance in individuals with osteoporosis (ICC=0.81)
[16, 17].

QoL measurement

QoL is defined as the individual’s state of well-being
in terms of physical, psychological, and social con-
ditions, as well as their ability to perform everyday
tasks [18]. Health-related QoL was assessed using the
QUALEFFO-41, a self-administered questionnaire de-
veloped for individuals with osteoporosis by the Eu-
ropean Foundation for Osteoporosis, addresses 5 sepa-
rate areas of QoL: 5 questions on pain, 17 questions on
physical functioning, 7 questions on social functioning,
3 questions on general health, and 9 questions on mental
health. Each of the 5 domains may be analyzed separate-
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ly or aggregated into a total score. Scores range from 0 to
100, with lower values indicating better QoL and higher
values representing poorer QoL [19]. In this study, the
Persian version of this questionnaire was utilized, and its
reliability and validity have been established (the Cron-
bach o =0.71-0.81) [20].

Sample Size

The sample size for this study was calculated based
on the correlation coefficient (1=0.455) reported in the
study by Miyakoshi et al. [21]. The correlation coeffi-
cient (r=0.455) represents the relationship between back
extensor strength and QoL in postmenopausal women
with osteoporosis. The standard formula for calculat-
ing the sample size in correlation studies is as follows
(Equation 1):

Z,*2)

The minimum required sample size for detecting a sig-
nificant correlation at r=0.455 is approximately 38 par-
ticipants. To ensure adequate power and account for po-
tential dropouts or missing data, a total of 56 participants
were recruited for this study, exceeding the minimum
requirement and ensuring the reliability of the findings.

Statistical analysis

The demographic and clinical data were summarized
using descriptive measures, including mean values and
standard deviations. Normality of the data was evalu-
ated using the Kolmogorov-Smirnov test. Pearson cor-
relation coefficients were calculated to assess the rela-
tionships between back extensor muscle strength and
endurance with QoL domains. A significance level of
P<0.05 was considered statistically significant.

Results

In total, 56 postmenopausal women with osteoporosis
participated in the study. Demographic characteristics
and descriptive data for back extensor muscle strength
and endurance are shown in Table 1.

The QoL domains (Table 2) provided insights into the
participants’ perceived well-being.

Correlation analysis

The correlation analysis showed that back extensor
muscle endurance had a more pronounced and signifi-
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Table 1. Participants’ demographic and clinical characteristics (n=56)

Characteristic MeantSD

Age(y) 61.094.62

Height (cm) 157.04+4.7

Weight (kg) 65.09+8.72

BMI (kg/m?) 26.34+3.12

Duration of menopause (y) 12.61+5.42

Back extensor muscle strength (kg) 26.08+7.31
Back extensor muscle endurance (s) 120.78+70.48

cant relationship with QoL domains compared to muscle
strength (Table 3, Figure 3).

The basis for interpreting Pearson correlation coeffi-
cient (PCC) to determine the strength of the relationship
is as follows [22]:

Correlation coefficient between 0.00 and +0.19 de-
notes that the relationship is very weak or negligible
(practically insignificant).

Correlation coefficient between +£0.20 and +0.39 de-
notes a weak relationship.

Correlation coefficient between +0.40 and +0.59 indi-
cates a moderate relationship.

Correlation coefficient between+0.60 and +0.79 shows
a strong relationship.

Table 2. QoL domains of participants (n=56)
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Finally, correlation coefficient between +0.80 and
+1.00 indicates a very strong relationship.

Pain

Muscle endurance showed a strong negative correla-
tion with pain (PCC=-0.622, P<0.001), indicating that
higher endurance levels were associated with lower pain
level. In comparison, muscle strength showed a weaker
negative correlation (PCC=-0.350, P=0.023).

Physical function

Endurance had a moderate negative correlation with
physical function (PCC=-0.501, P<0.001), indicating
better physical performance with higher endurance.
Muscle strength also correlated negatively, but less
strongly (PCC=-0.452, P=0.003).

QoL Domains Mean1SD

Pain 12.09+4.6
Physical function 34.2819.16
Social function 18.48+5.77
General health 10.19+2.46

Mental health 25.04+6.8
Total QoL score 37.37+14.07
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Table 3. Correlation between back extensor strength and endurance with QoL domains (n=56)

PCC/P
Variables
Back Extensor Strength Back Extensor Endurance
Pain PCC=-0.350 PCC=-0.622
P=0.023" P=0.000""
. . PCC=-0.452 PCC=-0.501
Physical function P=0.003" P=0.000""
Social function PCC=0.140 PCC=-0.409
P=0.377 P=0.007""
PCC=-0.243 PCC=-0.204
General health P=0.120 P=0.195
PCC=-0.090 PCC=-0.441
Mental health P=0.570 P=0.003"
PCC=-0.351 PCC=-0.628
Total QoL score P=0.023" P=0.000""
Archives of . .
PCC: Pearson correlation coefficient. Rehabilitation
"Significant (P<0.05),”Significant (P<0.001).
Social function General health

Endurance was significantly correlated with social
function (PCC=-0.409, P=0.007), while strength showed
no significant association (P=0.377). This suggests that
improving muscle endurance might lead to better social
engagement and interactions.
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Figure 1. Assessment of back extensor muscle strength
endurance measurement

Neither strength (P=0.120) nor endurance (P=0.195)
showed significant correlations with general health, in-
dicating other factors may play a more critical role.

Mental health

Endurance demonstrated a moderate negative correla-
tion with mental health (PCC=-0.441, P=0.003), where-
as strength had no significant relationship (P=0.570).
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Figure 2. Method of measuring back extensor muscle
endurance
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Figure 3. The correlation between total QoL score with the strength (left) and endurance (right) of the back extensor muscles

Total QoL score

Endurance had the strongest negative correlation with
the total QoL score (PCC=-0.628, P<(.001), suggesting
a robust relationship between increased endurance and
improved overall QoL. Muscle strength also correlated
negatively with the total QoL score, but the effect was
smaller (PCC=-0.351, P=0.023)

Discussion

This study investigated the correlation of back exten-
sor muscle strength and endurance on the QoL domains
in postmenopausal women with osteoporosis. The find-
ings demonstrate that muscle endurance has a stronger
and more consistent relationship with QoL domains
compared to muscle strength. These results underline
the critical importance of endurance in improving the
overall well-being of this population.

Endurance exercises help reduce the loads imposed on
the spine and improve posture, both of which are crucial
for reducing chronic pain [23, 24]. This study confirms
that back extensor muscle endurance has a stronger nega-
tive correlation with pain (PCC=-0.622, P<0.001) than
muscle strength (PCC=-0.350, P=0.023). While strength
training may provide some relief, endurance training of-
fers more significant and lasting pain relief [25]. Evidence
from prior studies suggests that engaging in endurance ex-
ercises can more effectively address chronic pain [25, 26].

Participation in endurance activities contributes to bet-
ter physical functioning, increased mobility, and greater
independence in activities of daily living in the elderly
[27]. In the current study, endurance was strongly cor-
related with physical function (PCC=-0.501, P<0.001),
while strength showed a weaker relationship (PCC=-
0.452, P=0.003). This finding is consistent with pre-

vious research and suggests that improving muscular
endurance may be more effective in enhancing physi-
cal abilities than focusing solely on muscular strength.
Endurance exercises may help postmenopausal women
with osteoporosis maintain or improve their indepen-
dence in performing activities of daily living, which is a
key aspect of QoL [28].

Several studies have shown that increased muscular en-
durance can positively influence social functioning by re-
ducing fatigue and enhancing physical capacity, thereby
enabling more active participationinsocial activities [29].
In this study, endurance was significantly correlated
with social function (PCC=-0.409, P=0.007), while
muscle strength did not show a significant relationship
(P=0.377). This finding suggests that endurance training
may provide broader benefits in terms of social engage-
ment and interaction, as individuals may have more en-
ergy and less physical limitation, enabling them to take
part in social activities more freely.

In this study, neither muscular endurance nor muscu-
lar strength showed a significant association with gen-
eral health (P=0.120 and P=0.195, respectively). This
finding is partly inconsistent with studies such as that
of Muller et al. (2017), which reported positive effects
of strength training on general health in older adults
[30]. The lack of significant correlation in this study
may indicate that general health perceptions are influ-
enced by factors beyond musculoskeletal fitness, such
as psychological well-being, comorbidities, or general
lifestyle habits. This finding underscores the complexity
of general health as a multifactorial construct that can-
not be solely attributed to muscle strength or endurance.
Additionally, the QUALEFFO 41 questionnaire focuses
more on skeletal health and physical function, and per-
haps this is why, in this study, the results in terms of
general health do not show much difference.

Mohammadjannataj Z, er al.Correlation of Back Extensor Muscle Strength and Endurance With QoL Domains in Postmenopausal Women With Osteoporosis. RJ. 2026; 27(1):110-129.
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A large body of research has highlighted the psy-
chological benefits of endurance training, including
improved mood, reduced anxiety, and enhanced self-
esteem [31]. Endurance exercises are associated with
improvements in depressive and anxiety symptoms in
older individuals, improving their overall mental health
[32, 33]. In this study, muscle endurance demonstrated
a significant negative correlation with mental health dis-
tress (PCC=-0.441, P=0.003), whereas muscle strength
did not show a significant correlation (P=0.570). These
findings suggest that endurance training may provide
broader psychological benefits, such as improved mood,
increased resilience, and better emotional well-being.
While strength training can enhance physical perfor-
mance, it appears to be less effective in addressing the
psychological dimensions of health [34].

Finally, the overall QoL was more strongly correlated
with muscle endurance (PCC=-0.628, P<0.001) com-
pared to muscle strength (PCC=-0.351, P=0.023). This
finding supports previous studies that have suggested
that endurance exercises lead to more comprehensive im-
provements in QoL compared to strength training alone,
although they used the SF-36 questionnaire [35, 36]. In
addition, the endurance of the back extensor muscles,
which are part of the postural and endurance muscles,
plays a very important role in maintaining and improving
posture. These muscles help maintain balance and stabil-
ity of the body over time and are effective in reducing
spinal stress and alleviating chronic pain [37]. The ho-
listic nature of endurance training, which impacts both
physical and psychological well-being, likely contributes
to these broader improvements in overall QoL [38].

Practical implications

These findings suggest that adding endurance-focused
exercises to rehabilitation programs for postmenopausal
women with osteoporosis may improve QoL more than
strength training alone. Low-resistance, high-repetition
movements or sustained isometric holds can effectively
target back extensor endurance. These results highlight
the need for a comprehensive approach that incorporates
a combination of strength and endurance exercises, along
with pain management and attention to mental health.

The present research has certain limitations that should be
considered when interpreting the findings. First, the sample
size was limited (n=56), and participants were recruited
from a single outpatient clinic, which may not be repre-
sentative of all postmenopausal women with osteoporosis.
Second, the cross-sectional study design does not allow for
the determination of causal relationships, and only associa-
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tions can be assessed. The generalizability of these results
may be limited, emphasizing the importance of conduct-
ing additional studies with larger cohorts and longitudinal
methodologies to substantiate the outcomes.

Conclusion

Overall, this study highlights the vital role of back exten-
sor muscle endurance in improving various domains of
QoL in postmenopausal women with osteoporosis. These
findings indicate that endurance exercises, compared with
strength-focused exercises alone, provide broader and
more substantial benefits in reducing pain, improving
physical function, increasing social participation, and en-
hancing mental health. From a practical perspective, these
results may guide the development of comprehensive re-
habilitation programs that incorporate targeted endurance
exercises alongside pain management and attention to
psychological aspects. Such programs may help improve
patients’ independence and overall QoL.

However, the study’s limitations, including the small
sample size, recruitment of participants from a single
clinic, and the cross-sectional design should be consid-
ered when interpreting the results, and the generaliz-
ability of the findings is limited. Therefore, longitudinal
studies with larger samples and the use of diverse QoL
assessment tools are needed to confirm and extend these
findings. Ultimately, the results of this study may con-
tribute to clinical decision-making and policymaking in
the rehabilitation of postmenopausal women with osteo-
porosis, highlighting the importance of endurance exer-
cises in comprehensive QoL enhancement programs.
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3. Dual-energy X-ray Absorption (DXA)
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1. Bone Mineral Density (BMD)



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1
https://tums.ac.ir/
https://tums.ac.ir/

Y oylols .YV 0,90 .1F+F

‘_;..b) Zo ‘dJJUa.a U"‘ )«b [\A] D}mksa w).w 05039,
\)L..u L;..\J) M..S» Ml.:u.u.u).') oém‘ l) w)L..: Lv Ja.ufo
% byl 9,90 (QUALEFFO-41) « lgsuinl S b))l
A 6|)‘O3 IATY) U‘?M‘ éﬁ-’ LS.aL.a..D‘ Mbw}: uJ‘ uﬁjf
o 0)g> gl yo J‘}..:

0,00,y 5w &

 Slomz 0 Slae pgas o e VY

e sfloixl o, Slac o )lys o ¥

(soges Sedlw o)) I ¥

gy ceodhs o) 1o Jlaus A

0 yod Sy D pgots b alShazr & jg0n il o0 039> i
G (1B () ol o o3 obos wtipd ol SIS
oo lis (Vo) g (pyige oamolis (¢) 4 taigd oo
s el aslllas ol o [N ] sl (S5 S
00 a1 LLL g (ol aS o solatul asli i o oy
LY T CIMN G-I =gLsg,S sl el
el

oww)‘;wwﬁwu‘fwmd‘ﬂww
INT ws aciloes (=4/F00) o Kan 5 o595l aslllas ;o
pelinST N ae & )08y ala]) ,SbLed (St o 5
Syl (Sop @ e 4l () po (S oS 5 ooy
Sgax M=+ /FOO L o cxe  Soeor slulils (6l p3Y digad
Oz 5 03a3T 05 GRal38 sl () oylasd Jgo,8) ol 525 YA
el 0 eaiiSES 1l OF slass (a8l gleosls b i) Jles
Sgd ol liebsl guls jLael 516 ol i aslllas

( a/2 Z/I) :

S bl Jalos

Sl (sl Jlomacdl ol g (puSiles Jolis hmogs Lol
Osesl b el ol 5 pSliieer la Ty
laosls gu55 (1092 Jloib syt sln T pmrosl=B9 S galsS
Om Bl (bl sly g (Kod iy .28, S
alizen slroje> b iy JgmdlowST OMae Coolainl g a8
w0 of00 5 S lade ol acibre S0y CoaS
b azd )5 sy s jlel (5 o gine

6. Quality of Life Questionnaire of the European Foundation for
Osteoporosis (QUALEFFO-41)
7. Kolmogorov-Smirnov

adlhog b

S8 LS| () Baa b g 09y o2labe g4 5l anlllas (]
oS calise Lgl.a»c)'? L Sl )swl.w.f‘ Odlae cwlaul 9
A plel laguil (Sey as e andly 5 50 (QOL) S
5 Hhae culital g @y08 byl Jels leesls (6 yglaex
D92 () SS9l izen

i &35 g 0310

—Cly yegelion jleslaiwl b iy jguilbnST o A & 08

oKyl s (6 5253l (1S ol BASELINE) s iy
s Sy (65l Lok | gl amio 5 ol
ot Iy o5 o] (53,05 8 i LB i) S 5
Kl EASES 5 5] S oo (8 Sl Wiy 5 p,55hS
Al a5 Bl MalS 1) bagily g aiasl Al axias (59, ol
R IPUSRVIPIN SIS PUK SV CONE]
s Fas s, *_’)5 B Sy pleiad (Ko
o baacles ilo oz, w4 s, bacaws (S a5 >
S g (PSS Cundg 0 88y 5 (i Cardg
A Sy lae jleslaul by aws ol asules ol 5l s
Cosd oS s 00836 S0l e LS Y Ceos
DEIE TS P /S RV VSR PSR 28 RC AR W
O 08 lareay e ¥ ol eSils ol 4185 L5 s ol ]
S S5 IVEL () ojled jygas) ais a3 $ L o cdlac
INOl ACC=+/a7) ol oais 0l s Slalllae o 5 ol

ey 5o

as Cowolitin] g 5453100

T L L ol ey g3l 5 eolaiwl b ass cdlae cusliw!

woye ol sy Lol SaSeS 1o ¢ yg05] ool ool )
logs | (ptiSI8 4z y0 A+ aygly o laails o S 5L oo 51 S
OB LS ES Wb s F 18 Jus Condg jo baaels g o
Shails a5 s 12 10 (50,5 5k S VL) sy 90 Jod S
ooy laails a1 4539 9 03,5 o3 | lags )T ol aulys Loy
J}l)bmsw‘gob;db‘)waéo)bjéwcu
R RETEP TR EPRVEL LA UL g PRI VIR VL g - LY
ol VLY o)l pygua) o a3 3 L jo oty yguibinST
OMae cwlainl Sbjlly LSS LB ¢ pie )l SO 0]
IV AFLACC= A V) ol lgsind S gy ay Do ol 31 o a5

(55 CasS' (6 551l

oyl Sl 5o 8018, cundg lareas (QOL) ° Sos; oS

4. Timed Loaded Standing Test
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